This study is a meta-analysis and the articles used to draw the conclusion in this study are attached as a Supporting Information file.

1. Introduction {#sec005}
===============

Globally, hypertension prevalence among adults aged 18 years and older was reported as 22.2%; however, prevalence in Africa was highest at 29.6% \[[@pone.0211054.ref001]\]. According to Kearney *et al*, 75% of deaths in Sub-Saharan Africa (SSA) by 2020 will be attributable to hypertension \[[@pone.0211054.ref002]\]. Studies indicated that, in African patient populations, hypertension is more severe, resistant to treatment, and likely to lead to immediate end organ damage and premature death \[[@pone.0211054.ref003]--[@pone.0211054.ref006]\]. Further, it was found that, despite lifestyle adjustment and treatment options, the hypertension burden is increasing and globally is expected to reach 1.56 billion adults by 2025 with disproportionate representation in SSA \[[@pone.0211054.ref002]\].

Growing hypertension prevalence and related complications are attributed to environmental and genetic factors \[[@pone.0211054.ref007]-- [@pone.0211054.ref009]\]. The heritability of hypertension ranges from 24% to 50% \[[@pone.0211054.ref008],[@pone.0211054.ref009]\]. While 12 causative genes have been identified for hypertension, essential hypertension has been associated with a complex relationship of multiple polymorphisms in different genes. More than 60 single nucleotide polymorphisms (SNPs) have been reported in European populations \[[@pone.0211054.ref010],[@pone.0211054.ref011]\], African Americans \[[@pone.0211054.ref012]\], and Asians \[[@pone.0211054.ref013],[@pone.0211054.ref014]\]. According to these studies, known loci account for only 2.5% of the phenotypic variance for systolic and diastolic blood pressure BP \[[@pone.0211054.ref012]\]. Research is being done to trace missing heritability of hypertension by investigating rare and structural sequence variants, epigenetics, and investigating gene interactions \[[@pone.0211054.ref012]\]. Genomic wide association and sequencing analysis are devised to help in analysis of missing heritability.

There are different genetic determinants involved in the pathogenesis of hypertension. The renin angiotensin aldosterone system (RAAS) is one of the most important pathways in the pathogenesis and management of hypertension. Angiotensin converting enzyme (ACE) is among the proteins involved in this pathway effecting salt retention, water balance and blood vessels; hence, it controls blood pressure. Drugs which inhibit this enzyme are effective in treatment of hypertension; however, these drugs are not first-line treatment in patients of African and African American origin \[[@pone.0211054.ref015]\]. Genetic polymorphism is associated with the diminished effect of angiotensin converting enzyme inhibitors \[[@pone.0211054.ref016]\].

Angiotensin converting enzyme is encoded by the ACE gene, which is found in 17q23 and encoded by a 21 kb gene that consists of 28 exons and 25 introns. The insertion/deletion (I/D) polymorphism of ACE is characterized by the presence (insertion) or absence (deletion) of a 28 bp Alu repeat sequence in intron 16 producing three genotypes (II homozygote, ID heterozygote and DD homozygote). Although the I/D polymorphism is located on a non-coding region (i.e., intron) of the ACE gene, several investigators found that the *D* allele is related to increased activity of ACE in serum \[[@pone.0211054.ref017]\]. In this gene, ACE I/D polymorphism is associated with essential hypertension in studies conducted in Africa \[[@pone.0211054.ref018]--[@pone.0211054.ref021]\]. However, there is no pooled evidence and there are conflicting findings on the effect of ACE I/D in essential hypertension studies conducted in Africa. This divergence is seen in a few studies in Africa which found association between this polymorphism and essential hypertension \[[@pone.0211054.ref019]--[@pone.0211054.ref021]\]; whereas others did not yield similar findings \[[@pone.0211054.ref022]--[@pone.0211054.ref025]\]. Therefore, the aim of this meta-analysis is to pool the available evidence and provide insights into the potential linkage(s) between the ACE gene and its effect on treatment and pathogenesis of hypertension in individuals of African origin.

2. Methods and materials {#sec006}
========================

The study is conducted according to the HuGENet HuGE Review Handbook, Version 1.0 \[[@pone.0211054.ref026]\] and the PRISMA checklist ([S1 Table](#pone.0211054.s001){ref-type="supplementary-material"}).

2.1 Search strategy {#sec007}
-------------------

We searched PubMed, Embase and Scopus databases for articles published through May 2018 which investigated the association between ACE I/D gene polymorphism and the risk of essential hypertension. The search was limited to English language articles. The search terms used were as follows: (Hypertension OR "essential hypertension" OR "high blood pressure OR raised blood pressure") AND ("angiotensin-converting enzyme" OR ACEI) AND (insertion/deletion OR ACE I/D) AND "gene polymorphism" AND Africa ([S1 Database](#pone.0211054.s002){ref-type="supplementary-material"}). We also reviewed the reference lists of included studies and reviews. If there was repetition in the retrieved studies, we chose the one with most complete analysis.

2.2 Inclusion and exclusion criteria {#sec008}
------------------------------------

We included studies which were case-control and used hypertension as an outcome of interest. Studies were excluded if they were case reports/editorials/reviews or multiple publications of the same dataset. Studies were excluded if they did not report frequency of all alleles and genotype, and relationship between other genes and essential hypertension and studies which investigated the role of ACE I/D in other diseases.

2.3 Data extraction and study selection process {#sec009}
-----------------------------------------------

Variables were extracted using checklist from all studies. The following study characteristics were recorded in our study: first author's surname, year of publication, ethnicity of study population, number of cases and controls for ACE I/D genotype. Gene, polymorphism, and frequencies of D and I allele were computed for case and control groups from the corresponding genotype distribution. Two authors independently conducted the data extraction and synthesis, with any discord resolved through discussion.

2.4 Statistical analysis {#sec010}
------------------------

Odds ratio (OR) and 95% confidence interval (CI) was used to measure the strength of the association between ACE I/D gene polymorphism and essential hypertension across studies. Heterogeneity was measured by I^2^ statistics. *Q* statistic (significance level at *p*\<0.05) was also determined. I^2^ \<25% minimal heterogeneity, 25--75% moderate heterogeneity and \>75% extreme heterogeneity. The pooled ORs were computed using either fixed-effects model or random-effects model. Random effect model was used if the studies had heterogeneity and if there no fixed effect model was used.

Different genetic models were used to compare the genotypes and alleles. Allele contrast model (D vs I), recessive model, dominant model, overdominance, as well as homozygous and heterozygous co-dominance models were used. Forest plot was conducted for all models to identify the individual and pooled effect of all studies included in this meta-analysis. Agreement of the genotype frequencies to Hardy--Weinberg equilibrium (HWE) was tested using chi square (HWE significance level at *p*\<0.05). A sensitivity analysis was conducted by subsequent omission of individual studies and looked for the difference in change of OR and its associated significance. Potential publication bias was assessed by Egger's test (significance level at *p*\<0.05). All analyses were conducted using the Web tool META-Genyo, Version 12.0. \[[@pone.0211054.ref027]\].

3. Results {#sec011}
==========

3.1 Search history {#sec012}
------------------

The database search of three databases produced 43 articles to be assessed for inclusion or exclusion from the meta-analysis. Of these, 6 articles were duplicates, whilst 16 were excluded because title and/or abstract did not meet the inclusion criteria. After further screening, 8 studies were found to fulfil the inclusion criteria and were considered in this meta-analysis ([Fig 1](#pone.0211054.g001){ref-type="fig"}).

![Flow diagram for the study selection process for inclusion in this meta-analysis.](pone.0211054.g001){#pone.0211054.g001}

3.2 Study characteristics {#sec013}
-------------------------

Eight studies, including 4 from sub-Saharan Africa (Gabon, Nigeria, Ghana, South Africa) and 4 from North Africa (three Egypt and one Tunisia), met the inclusion criteria. Sample size ranged from 61 to 1224. Mean age (±sd) of the studied populations were between 45 (±8.2) and 62.8 (±9.9) for cases and 31.9 (±10.27) to 54.4 (±9.5) for controls. Mean (±sd) blood pressure for the participants were different among the included studies. One study did not report blood pressure \[[@pone.0211054.ref023]\]. The mean SBP/DBP was highest in a study conducted in Egypt \[[@pone.0211054.ref021]\] reporting a BP level of 164.9 (±23.2)/99.1 (±11.6). Sample size was largest (1224) in a study conducted by Mary et al. \[[@pone.0211054.ref019]\] and lowest (61) in a study by Imen et al \[[@pone.0211054.ref023]\] ([Table 1](#pone.0211054.t001){ref-type="table"}).

10.1371/journal.pone.0211054.t001

###### Study characteristics of the studies included to the meta-analysis.

![](pone.0211054.t001){#pone.0211054.t001g}

                                                                                                                                       Age mean (+SD)   Hypertension(SBP/DBP)mean(+SD)                                                        
  -------------------------------------------------------------------------------------------------------------------------- --------- ---------------- -------------------------------- ------------------------- -------------------------- -------------------------
  [Mary et al 2014](https://www.ncbi.nlm.nih.gov/pubmed/?term=Kooffreh%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=24949289)   612/612   51.3(13.76)      31.9(10.27)                      161.1(13.26)/93.2(13.7)   116.7(9.19)/72.18(8.4)     27.48(5.81)/23.32(5.83)
  Zarouk WA et al 2012                                                                                                       40/21     57.1(8.9)        46.4(14.3)                       164.9(23.2)/99.1(11.6)    126.1(8.7)/78(7.1)         NA
  Imen A et al 2010                                                                                                          39/22     62.8(9.9)        54.4(9.5)                        NA                        NA                         28.8(+5.9)/25.8(3.6)
  Ndong AGR et al 2018                                                                                                       95/37     58.37(11.4)      40.9(13.1)                       155.8(29.6)/85(2.61)      117.36(14.1)/72(14.5)      NA
  Naglaa RAR et al 2012                                                                                                      110/93    45(8.2)          42(7.3)                          147.8(13.5)/95.6(6.3)     131.4(13.4)/82(7.2)        28.8(4.5)/28.02(11)
  Daméhan T et al 2015                                                                                                       202/204   51(10)           49.5(13.54)                      160(20.66)/95(11.87)      120(11.47)/70(8.24)        27(6.48)/23(4.9)
  Hayet et al 2013                                                                                                           388/425   55.19(9.9)       52.1(13.1)                       151.54(19.3)/87.6(11.1)   118.68(10.59)/71.53(6.7)   31.14(9.9)/27.26(4.91)

3.3 Genotype frequency {#sec014}
----------------------

All studies had higher frequencies of the DD genotype compare to DI and II genotypes in the hypertensive group; whereas, in the control group, the distribution varied depending on the study. There was no violation of HWE in any included studies ([Table 2](#pone.0211054.t002){ref-type="table"}).

10.1371/journal.pone.0211054.t002

###### Genotype studies of the included studies.

![](pone.0211054.t002){#pone.0211054.t002g}

  Author             Ethnicity                                   DD.cases   DI.cases   II.cases   DD.controls   DI.control   II.controls   HW[^\#^](#t002fn003){ref-type="table-fn"}-P.value   HW-adjusted.P.value
  ------------------ ------------------------------------------- ---------- ---------- ---------- ------------- ------------ ------------- --------------------------------------------------- ---------------------
  Mary et al         SSA[\*](#t002fn001){ref-type="table-fn"}    192        171        44         153           190          57            0.871                                               0.957
  Zarouk WA et al    NA[^\$^](#t002fn002){ref-type="table-fn"}   24         14         2          7             8            6             0.278                                               0.643
  Imen A et al       NA                                          19         16         4          8             12           2             0.402                                               0.643
  Ndong AGR et al    SSA                                         55         33         7          15            19           3             0.368                                               0.643
  Naglaa RAR et al   NA                                          34         59         17         25            52           16            0.214                                               0.643
  Hayet et al        NA                                          173        176        39         205           180          40            0.957                                               0.957
  Scott et al        SSA                                         38         74         14         16            24           11            0.722                                               0.957

\* Sub-Saharan Africa

\$ North Africa

\# hardy Weinberg

3.4 Meta-analysis {#sec015}
-----------------

There was no publication bias in all studies and models considered in this study. There was heterogeneity among the studies in the included models where the p-value for Q was \<0.05 and I^2^ \>50%. The sources for the heterogeneity might be in the difference in sample size and difference in the geographical areas where the studies were conducted (i.e., SSA vs NA) which relate to ethnicity. ACE deletion/insertion polymorphism was significantly associated with essential hypertension in the allele contrast model (P = 0.01) showing significant heterogeneity (P = 0.0001) and no publication bias (P = 0.32); the recessive model (P = 0.03) showing significant heterogeneity (P = 0.0001) and no publication bias (P = 0.46); and the dominant model (P = 0.032 and with non-significant heterogeneity (P = 0.12) or publication bias (P = 0.28); and the homozygote codominant model (P = 0.018) with significant heterogeneity (P = 0.008) and no publication bias (P = 0.30). In the remaining models, the ACE I/D polymorphism gene did not have significant association with essential hypertension ([Table 3](#pone.0211054.t003){ref-type="table"}).

10.1371/journal.pone.0211054.t003

###### Genetic association values with test result for publication bias.

![](pone.0211054.t003){#pone.0211054.t003g}

  Model                           OR      95% CI      P-value           Egger\'s test   
  ------------------------------- ------- ----------- --------- ------- --------------- ------
  Allele contrast                 1.49    1.07,2.07   0.01                              0.32
  Heterogeneity tests             0.17    2.5         83        43.51   0.0001          
  Recessive model                 1.63    1.03,2.6    0.03                              0.46
  Heterogeneity tests             0.33    2.54        84        45.34   0.0001          
  Dominant model                  1.47    1.03,2.11   0.032                             0.28
  Heterogeneity tests             0.091   1.22        38        11.4    0.12            
  Over dominant model             0.75    0.5,1.11    0.15                              0.66
  Heterogeneity tests             0.22    2.19        79        33.62   0.0001          
  Homozygote codominant model     1.83    1.1,3.03    0.018                             0.30
  Heterogeneity tests             0.28    1.6         62        18.84   0.008           
  Heterozygote codominant model   1.54    0.97,2.44   0.06                              0.5
  Heterogeneity tests             0.31    2.38        0.82      39.82   0.0001          

3.5 Quantitative synthesis by forest plot with OR and 95% confidence interval {#sec016}
-----------------------------------------------------------------------------

The forest plot for the six models shows the relationship of each study with essential hypertension in Africa, as well as an overall pooled estimate. The figures show that essential hypertension was associated with polymorphism in the allele contrast, recessive model (DD vs ID+II), dominant model (DD+ID vs II), and homozygote co-dominant model (DD vs II). Since there was heterogeneity across the studies, the random effect model was used to estimate the odds ratio. Patients with D allele were 1.49 times higher to develop essential hypertension compared with those who carry the I allele (OR:1.49; 95% CI:1.07,2.07). Similarly, patients with homozygous codominance genotype (DD) are at a 2.17 times higher risk of essential hypertension compared to those with the co-dominant genotype II (OR:2.17; 95% CI:1.79,3.18), dominant model (DD+ID vs II) (OR:1.48; 95% CI:1.03,2.12) and recessive model (OR:1.64; 95% CI:1.03,2.61) ([Fig 2](#pone.0211054.g002){ref-type="fig"}).

![Forest plot for the effect of ACE I/D gene polymorphism in different models on the association with essential hypertension on across studies conducted in Africa.\
A) Allele contrast model B) recessive model C) dominant model D) over dominant model E) homozygous co-dominant model F) heterozygous co-dominant model.](pone.0211054.g002){#pone.0211054.g002}

3.6 Sensitivity and subgroup analysis {#sec017}
-------------------------------------

A subsequent sensitivity analysis by omission of studies was done to check for instability and change in significance of the effect estimate. After each study was excluded from the current meta-analysis, as can be seen from the graph, there was no significant shift or change in the level of significance and odds ratio. Studies by Mary et al. \[[@pone.0211054.ref019]\], Damehan, et al. \[[@pone.0211054.ref018]\], and Zarouck, et al. \[[@pone.0211054.ref021]\] caused a slight shift in the OR and significance, but this shift was not considered a large due to the lower CI being 0.99, the small number of studies in this meta-analysis, and the HWE not being violated ([Fig 3](#pone.0211054.g003){ref-type="fig"}).

![Sensitivity analysis for allele contrast model which shows the variation or change in effect estimate based on omission of studies.](pone.0211054.g003){#pone.0211054.g003}

3.7 Subgroup analysis by self-reported ethnicity {#sec018}
------------------------------------------------

On subgroup analysis by classifying studies into North Africa \[[@pone.0211054.ref021]--[@pone.0211054.ref024]\] and SSA \[[@pone.0211054.ref018], [@pone.0211054.ref019], [@pone.0211054.ref025], [@pone.0211054.ref028]\], the findings showed that ACE I/D polymorphism was associated with essential hypertension in patients from SSA. Significant association was shown in the dominant model for SSA (OR:1.65; 95% CI: 1.18,2.29), allele contrast model (OR:1.68; 95% CI:1.04,2.7), and homozygote co-dominant model (DD vs. II) (OR:2.07; 95% CI: 1.45,2.94). Heterogeneity has also been reduced compared to the overall analysis **(**[Table 4](#pone.0211054.t004){ref-type="table"}).

10.1371/journal.pone.0211054.t004

###### Subgroup analysis of patients by reported ethnicity (random model effect is used).

![](pone.0211054.t004){#pone.0211054.t004g}

  Model                   Group     OR(95% CI)        P-value   I^2^
  ----------------------- --------- ----------------- --------- -------
  Allele contrast         Overall   1.47(1.06,2.02)   0.01      0.83
                          NA        1.25(0.82,1.89)   0.28      0.67
                          SSA       1.68(1.04,2.7)    0.03      0.85
  Recessive model         Overall   1.63(1.03,2.6)    0.036     0.84
                          NA        0.99(0.78,1.26)   0.97      0.51
                          SSA       1.89(0.95,3.84)   0.06      0.87
  Dominant model          Overall   1.37(1.07,1.75)   0.011     0.38
                          NA        1.07(0.74,1.57)   0.68      0.45
                          SSA       1.65(1.18,2.29)   0.027     0.046
  Overdominant model      Overall   0.74(0.5,1.11)    0.15      0.79
                          NA        1.03(0.82,1.31)   0.75      0
                          SSA       0.64(0.32,1.28)   0.21      0.87
  Homozygote codominant   Overall   1.83(1.1,3.03)    0.01      0.63
                          NA        1.44(0.64,3.22)   0.36      0.56
                          SSA       2.07(1.45,2.94)   0.0046    0.52

4. Discussion {#sec019}
=============

In this study we hypothesized that the effect of ACE in the management and treatment of hypertension is highly correlated with genetics.

Angiotensin converting enzyme inhibitors are not effective first-line treatments in people of African origin compared to Caucasians \[[@pone.0211054.ref015]\]. In addition, hypertension in Africa is more severe and resistant to treatment \[[@pone.0211054.ref003]--[@pone.0211054.ref006]\]. While there are different environmental factors that play a role for the raised BP, studies have shown genetics made a significant contribution \[[@pone.0211054.ref008]--[@pone.0211054.ref009]\]. RAAS related genetic polymorphism is among the most widely studied pathway for the management and control of hypertension. ACE I/D polymorphism is one of the most thoroughly studied polymorphisms in Africa. Due to inconsistencies among different studies, we pooled the available evidence in this meta-analysis.

This study found that ACE I/D polymorphism is associated with hypertension in two models, specifically the allele contrast model, and the recessive, dominant and homozygous co- dominant model. This study showed that the dominant D allele is important for the increased expression of ACE activity \[[@pone.0211054.ref029]\]. This finding is consistent with a meta-analysis done in China \[[@pone.0211054.ref030]\] but contradicts a recent meta-analysis \[[@pone.0211054.ref031]\]. There were differences in some studies including diseases apart from hypertension, as well as differences in terms of the various studies' sample sizes and methodologies. There was significant heterogeneity which may relate to differences in the backgrounds/ethnicities of our study population (i.e., North Africa and SSA), small sample sizes, or the limited number of studies. In conclusion, the findings suggest a large scale multi-ethnic study is needed to further elucidate the effect(s) of ACE I/D polymorphism on hypertension.

Over-dominant model \[DI vs DD+II\] was not significant in determining essential hypertension. This could be because of the traits that patients acquired from both homozygous and heterozygous alleles might be abolished each other. Consequently, it could have a null effect in the pathogenesis of hypertension.

On subgroup analysis, patients from Sub-Saharan Africa showed higher susceptibility to hypertension than patients from North Africa. Previously ACE inhibitors were found ineffective as first-line medications for the management of hypertension in Africa \[[@pone.0211054.ref015]\], although the reason remained elusive. Although different factors, such as low renin, low nitric oxide, and high salt retention, were found to be related, these determinants explained a small fraction of the variance \[[@pone.0211054.ref015]\]. Genetic polymorphism remains under investigated in the African population. In this study, we found significant association on subgroup analysis in dominant, allele contrast model and homozygous model which shows the D allele is related with increased activity of ACE. However, this finding should be interpreted cautiously as the subgroup analysis included a small number of studies and limited sample size. Therefore, these evidence deficits warrant further investigations in Africa, with consideration for East Africa where no studies were included in the meta-analysis.

4.1 Limitations and strengths of this study {#sec020}
-------------------------------------------

To the best of our knowledge, this is the first meta-analysis which specifically assesses the effect of ACE I/D polymorphism on essential hypertension in Africa, as well as conducting subgroup analysis which opens the door for further research. Although, there was no violation of HWE and publication bias, there was significant heterogeneity which could relate to variation in study sample size, populations, and ethnicity of participants.

4.2 Conclusion {#sec021}
--------------

ACE I/D polymorphism is associated with essential hypertension in the allele contrast model, dominant allele contrast model, and homozygous codominance model in Africa. On subgroup analysis, ACE I/D was found to be associated with essential hypertension in patients from Sub-Saharan Africa but not North Africa.
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